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G.1. Introduction 

Piecoef+ module is used to model, in a refined manner, the behaviour of a single pile 
submitted to transverse loads on the basis of a beam model on elastoplastic supports ("p-y" 
type model). 

 

   

Figure G.1 : Piecoef+ model 

 

It applies to the case of a variable inertia pile, in multilayer soil with elastoplastic behaviour 
under various loading conditions.  

It allows the plastification of the soil, a free displacement of "g(z)" type and the contribution of 
shear force displacements to be taken into account. 

The used method also allows the critical buckling forces as well as additional forces and 2nd 
order displacements to be assessed under an axial force. 

Lastly, Piecoef+ allows the stiffness matrix at pile head to be calculated, which can for 
instance constitute the preliminary step of a Groupie+ calculation for a pile group. 
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G.2. Theoretical aspects 

G.2.1. Pile modelling 

The pile is considered as a beam with linear elastic behaviour. We consider the case of 
beams with uniform cross-sections which allows bending behaviour to be dissociated from 
the tensile/compression behaviour.  

Bending behaviour of the beam representative of the pile can be addressed using the so-
called Bernoulli model which consists in neglecting the contribution of the shear force 
displacements. With this assumption, the combination of the balance and behaviour 
equations gives the following general equation: 

 
   zrzq

dz

zyd
EI 

4

4

     (1) 

Where:  

 y(z) lateral displacement of the pile 

 EI(z) product of inertia 

 q(z) transverse load density on the pile (other than soil reaction) 

 r(z) soil reaction density 

This equation can be solved numerically by discretising the pile into beam finite elements. To 
this aim, we use "conventional" elements with 2 nodes and 4 degrees of freedom: two 
displacements and two rotations. At any points, the rotation of the beam coincides with the 
lateral displacement field derivative (Bernoulli approximation). In the context of this 
discretisation, the balance of the pile is represented by an equivalent matrix system of size 
2(p+1) x 2(p+1) where p refers to the total number of elements: 

sexte RFyK .      (2) 

Where:  

 
eK  :  stiffness matrix of the pile consisting of the assembly of elementary stiffness 

matrices; 

 
extF  :  load vector related to the transverse loads on the pile other than the soil 

reaction; 

 
sR  :  load vector related to soil reaction; 

 y  :  equivalent displacement vector consisting of the displacement and rotation at 

each node. 
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G.2.2. Modelling of soil reaction 

Each layer of soil is considered as a distribution of adjacent springs with elastoplastic 
behaviour according to a mobilisation law with three plateaux as shown on the figure below. 

 

Figure G.2  : Lateral reaction mobilisation law 

As shown on the above figure, the lateral reaction mobilisation law is expressed versus the 
relative displacement of the pile with respect to the soil. This allows the case of a free 
displacement g(z) developing in one or more layers of the soil to be directly processed. 
According to the notations of the above figure, the lateral reaction of the soil r(z) is expressed 
as follows: 

    gyr  

Where: 

 For the 1st plateau:  1Es  &  0 ; 

 For the 2nd plateau:  2Es   &  









1

2
1 1.

Es

Es
p ; 

 For the 3rd plateau:  0    &  2p ; 

For the discretisation of the finite element model chosen for the pile, the soil reaction vector 
is thus expressed according to following general formula: 

  ess cgyKR  .      (3) 

Where: 

 
sK  :  soil stiffness matrix corresponding to elastic part of mobilisation curve in each 

element; 

 
ec  :  equivalent load vector corresponding to the “constant" part of the mobilisation 

curve in each element; 

 g  :  equivalent displacement vector corresponding to the free displacement of the 

soil. 
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The combination of equations (2) and (3) leads to the global formulation of the "pile + soil" 
system: 

  esextes cgKFyKK  ..     (4) 

The management of the soil plastification is done by an iterative process during which the 

terms 
sK  and 

ec  change until a compatible solution is obtained, at all points of the pile, with 

the soil lateral reaction mobilisation law. 

G.2.3. Implementation 

The use of the model is based on the establishment and solving of the equation system (4). 
The elements of this system can be completed by support conditions introduced at any point 
of the pile in the form of a point elastic support characterised by a stiffness in lateral 
translation and a rotational force. 

The solving of the final system gives the displacements, rotations and reactions at all points 
of the pile. Knowing the reactions, moments M and shear forces T are then calculated by 
integration according to the following general formula: 

        

     0

0

0

0

MdttTzM

TdttrtqzT

z

z








 

The model also allows an equivalent tangent stiffness system at the pile head to be defined 
which is then used as input parameter for a global balance calculation of a footing on piles 
with the Groupie+ module. The head stiffness system consists of a symmetrical 2 x 2 
stiffness "matrix" and a "constant" term according to following general formula: 




































0

0

32

21
.

M

Ty

M

T

headhead



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G.2.4. Buckling calculation 

G.2.4.1. Introduction 

Buckling is the occurrence of a non-null lateral displacement under the effect of an axial load 
and in absence of lateral loads. This form of elastic instability appears at precise values of 
the axial load applied, which are called "buckling forces". The minimum value of these forces 
is called "critical buckling force". 

 

Figure G.3  : Buckling 

A direct analogy exists between buckling as elastic instability and "resonance" as dynamic 
instability which appears for precise values of the excitation frequency. 

The approach introduced into Piecoef+ is based on this analogy and leads to the search for 
buckling forces according to the eigenvalue method benefiting from the matrix formulation 
obtained from discretisation into finite elements. 

G.2.4.2. Formulation 

Let us consider the case of a pile submitted to two opposite compression forces at its two 
ends. The 2nd order lateral balance of the pile is represented by the equation below: 

   
   zrzq

dz

zyd
F

dz

zyd
EI 

2

2

4

4

    (5) 

We search for the values of F allowing a non-null y(z) solution to be obtained for this 
equation with no transverse loads on the pile q(z) = 0. Here, we are in the case of a locally 
elastic behaviour of the soil (r = Es.y) which leads to the following equation:  

 
 

 
0.

2

2

4

4


dz

zyd
FzyEs

dz

zyd
EI     (6) 
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By adopting the finite element model presented previously, equation (6) is represented by an 
equivalent matrix system: 

  0yMyKK es  ... F      (7) 

Where:  

 
sK  :  stiffness matrix of soil (1st order) 

 
eK  :  stiffness matrix of pile (1st order) 

 M  :  "rotations" matrix (2nd order) 

System (7) can be rewritten as follows: 

yyA .. F  where  es1 KKMA   .     (8) 

By definition, F is a buckling force if and only if equation (6) and therefore (8) allows a non-

null solution y . Mathematically, this means that F is an eigenvalue of matrix A . Thus, to 

search for the buckling forces of the "pile + soil" system, all we need to do is to search for the 

eigenvalues of the associated A matrix. The critical buckling force is then nothing more than 

the smallest eigenvalue of matrix A . 

Piecoef+ program thus automatically constitutes matrix A and outputs all of its eigenvalues (= 
buckling forces) and the associated eigenvectors (characteristic displacements of the 
potential buckling mechanisms).  

 

Figure G.4  : Buckling modes and associated critical loads 

This additional calculation is done at the end of the pile balance solving iterative process. It 
therefore takes into account the stiffness of the pile, any support conditions, and the elastic 
part of the soil reaction (Es1 or Es2) obtained on balance under the considered load 
conditions. In particular, in zones where the soil is completely plastified (3rd plateau), no 
additional reaction is taken into account. 

The results obtained are identical to those from bibliography for simple cases (Souche, 
Mandel, Euler, etc.) or to those obtained by large displacement "step-by-step" numerical 
processing.  
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G.2.4.3. Taking 2nd order displacements into account 

The search for buckling forces and associated displacements can be used as a basis for the 
estimation of 2nd order displacements generated in the pile under the effect of an axial force.  

We consider the case of a pile initially having a non-null y0 displacement corresponding 
either to a transverse load or, for example, to a defect in shape. This pile is then submitted to 
an axial force which is supposed to be entirely recovered at base (failsafe approach). The 
application of force F leads to an additional 2nd order displacement "y" as shown on the 
figure below. 

 

Figure G.5  : 2nd order displacement under an axial load 

The 2nd order balance of the pile can thus be written: 

  0
²

²
04

4

 yy
dz

d
FyE

dz

yd
EI s      (9) 

The discretisation of the pile into finite elements allows the previous equation to be 
expressed in the form of a homogeneous matrix system without second member:  

    0yyMyKK es  0... F         (10) 

That is with the notations of system (8):  

 0.. yyyA  F          (11) 

With no initial displacement (y0 = 0), we find system (8) verified by buckling forces iF  and 

associated displacements 
c

iy  which are simply the eigenvectors of matrix A: 

c

ii

c

i F yyA ..         (12) 
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As matrix A  is defined positive, its eigenvectors form an orthogonal base according to which 
it is possible to split any vector of the same space. In particular, solution " y " of equation (11) 

and initial displacement " 0y " can thus be expressed as follows: 





n

i

c

ii

1

yy      &    



n

i

c

ii

1

0

0 yy        (13) 

The i ‘s being the unknowns of the problem, whereas the 0

i ‘s are known and can be 

evaluated by projection according to the formula below: 

2

00 .

c

i

c

i

t

i

y

yy
  

By combining equations (11), (12) and (13), we obtain the following system: 

 



n

i

c

iii

n

i

c

iii FF
1

0

1

yy        (14) 

That is, by projecting along each of the c

iy :  

     0

iiii FF    ni ..1    (15) 

Or again: 

   
0

i

i

i
FF

F
  


   ni ..1    (16) 

We therefore deduce the expression of the "resulting" displacement taking 2nd order terms 
into account: 

  
 


n

i

c

ii

i

i
n

i

c

ii
FF

F

1

0

1

0

0 yyyy   i      (17) 

Thus, for each eigendisplacement c

iy , the resulting displacement is amplified by an 

amplification factor 1
FF

F

i

i


 with respect to the initial displacement. 

 

In particular, we can see that when F tends towards one of the values of Fi, the 
corresponding amplification factor tends towards infinity. The pile thus fails under composed 
bending before the critical buckling force is reached. 

These developments are covered by a publication in the context of JNGG 2012 (F. Cuira – A 
simple method for studying buckling of a flexible pile in a multilayer soil – JNGG Bordeaux 
2012).  
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G.2.5. Taking shear force displacements into account 

All of the developments described previously are based on a discretisation of the pile into 
thin beam elements. The thin beam assumption is implicitly introduced by adopting Bernoulli 
model which consists in neglecting the contribution of the shear displacements (shear force). 
The validity of this assumption requires a pile length/diameter ratio at least higher than 10 in 
general or even 20 in certain support conditions. For a "short" or stiff pile and, generally, for a 
pile where shear displacements cannot be neglected when compared with the bending 
displacements, use of "Timoshenko" behaviour model adapted to thick beams is required. 

The representation of this model by equations requires the definition, in addition to the 
product of inertia, of the shear stiffness called GS’. For a pile of uniform section, this can be 
estimated by the product of shear module G and "reduced" section S’ (see user’s manual, 
chapter G.3.3.2). The combination of the balance and behaviour equations gives the 
following equation system: 

   

0'

'

2

2





















dz

d
EI

dz

dy
GS

zrzq
dz

dy

dz

d
GS






    (18) 

Where   designates the distortion (or rotation) which, unlike the Bernoulli model, no longer 

coincides with the first derivative of the lateral displacement y . 

This system is solved numerically by introducing a discretisation of the pile into thick beam 
elements. The elements used are 2-node elements with 8 degrees of freedom: two 
displacements, two rotations and their first 4 respective derivatives.  

For this discretisation, the balance of the pile is represented by a matrix system similar to (2), 
of size 4(p+1) x 4(p+1) where p designates the total number of elements. 
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G.3. User’s manual 

This chapter presents: 

 the input parameters of Piecoef+ module.  

Certain zones can only receive data with a physical signification (for example, an EI 
stiffness modulus must always be strictly positive). 

Piecoef+ calculation parameter input window has 4 separate tabs. The data to be 
completed at each tab depends sometimes on certain choices made by the user: for 
example, the data to be completed for a pile calculation under transverse loads are 
not all the same as for a specific buckling calculation. 

Note: in Piecoef+ module, the user can process either a single pile or several piles 
corresponding to different pile configurations for a given project (see paragraph G.3.1 
below). 

 the results supplied by Piecoef+ module. Here again, they depend in part on the data 
entered by the user and especially the type of calculation. 

This chapter does not detail the users’ interface itself and its handling operations (buttons, 
menus, etc.): these aspects are dealt with in part C of the manual. 

G.3.1. Pile management 

Piecoef+ module allows one or more piles to be processed in the context of a given Foxta 
project. However, the user works only on one of these piles at a time: the "active" pile is 
displayed above the tabs of the data input window. 

 When Piecoef+ module is first opened for a given project, the module has only one 
pile (Pile 1/1). The user must therefore complete this first pile and can then, if 
required, create additional piles (see below). 

 When a previously completed Piecoef+ module is opened, the pile displayed by 
default is pile 1/n (n being the total number of piles already created in the module). 
The user can then select another pile, add or delete piles. 

 

 

Figure G.6 : Management of piles in Piecoef+ module 

The following operations can be done on the piles in Piecoef+ module: 

 Add a pile: click  button: Foxta adds a new pile to the project, independent of the 

first one, with the same data input fields. Its number will be automatically 
incremented:  

 To duplicate the current pile, click  button: Foxta will add a pile identical to the 

current pile to the project. The data is duplicated in this new pile but can be modified.  

 To delete the current pile, click  button. 

 To display the next pile or the previous pile, click  or  button. 
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As stated previously, "work" can be done on only one pile at a time: the procedure is 
therefore to select a pile, complete/modify its data, start the calculation then display the 
results for this pile. The user can then select another existing pile or create another pile and 
repeat these steps. 

The following chapters describe the use of Piecoef+ for a given pile. 

G.3.2. "Parameters" tab 

 

Figure G.7 : "Parameters" tab 

G.3.2.1. "Calculation type" box 

The Calculation type box allows several options to be selected thanks to 3 choice levels (cf. 
Figure G.7). The first choice level fixes the framework for the calculation, the next two levels 
control the definition mode for the mobilisation laws of the soil lateral reaction. 

G.3.2.1.1. Pile calculation under transverse loads  

This is the basic calculation mode (by default) allowing the modelling of a pile anchored in 
soil with elastoplastic behaviour and submitted to the application of various transverse 
loading conditions (point, distributed loads, free displacement g(z), 2nd order effects under 
the effect of an axial force, etc.).  

Four possibilities are then proposed to characterise the soil lateral reaction mobilisation law: 

 From pressuremeter data (elastic): elastic mobilisation law characterised by a reaction 
coefficient ks (kPa/m) defined from pressuremeter parameters: 
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Figure G.8 : Soil lateral reaction mobilisation law: "from pressuremeter data (elastic)" 

Where EM refers to the pressuremeter modulus, α the rheological factor, B the diameter 

(equivalent) of the pile and B0 the reference diameter taken as being equal to 0.6 m. 
Parameter β depends on the types of loads and is controlled by the 3rd choice level 
available:  

 Under permanent loads:  β = 1 

 Under short term loads:  β = 2  

 From pressuremeter data (elastoplastic): elastoplastic mobilisation law with three 
plateaux characterised from pressuremeter values according to the figure below:  

 

Figure G.9 : Soil lateral reaction mobilisation law:  
"from pressuremeter data (elastoplatic)" 

if 

if 
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The 3rd choice level allows values β1, β2, p1 and p2 to be fixed according to the types of 
loads: 

Types of loads β1 β2 p1 p2 

If permanent loads applied at pile 
head are dominant 

1 

0 

pf* 

pf* 

If loads due to transverse earth 
pressure are dominant 

1/2 pl* 

If short term loads applied at pile 
head are dominant 

2 

0 pf* 

If very rapid accidental loads applied 
at pile head are dominant 

1 pl* 

Where pf* and pl* respectively refer to the net creep pressure and the net limit pressure 

of the soil from the pressuremeter test. Note that for the case where p1 = p2, β2 = 0 and 
the mobilisation curve has two plateaux (elastic perfectly plastic). 

 By manual input with 2 plateaux: this option enables the user to define a "manual" 
mobilisation law with two plateaux (elastic perfectly plastic) by directly entering the values 
of ks and pmax as shown on the figure below: 

 

Figure G.10 : Soil lateral reaction mobilisation law: "by manual input with 2 plateaux" 

 By manual input with 3 plateaux: this option allows the user to define a "manual" 
mobilisation law with three plateaux (two slopes and a plastification plateau) by directly 
entering the values of ks1, ks2, p1 and p2 as shown on the figure below. 
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Figure G.11 : Soil lateral reaction mobilisation law: "by manual input with 3 plateaux" 

Note: Piecoef+ does not take the group effect into account. The user shall adapt the 
mobilisation laws or the characteristics of the layers to simulate this effect. 

G.3.2.1.2. Specific buckling calculation  

This is a calculation mode specific to the calculation of the critical buckling load and of the 
associated failure mechanism knowing that this result is also accessible from a "calculation 
under transverse loads". The interest of this option is that the user shall only enter the data 
required for the buckling calculation.  

This calculation is done considering an elastic apparent response from the soil. This is 
characterised by a reaction coefficient which can be estimated in two ways:  

 From the pressuremeter data (elastic): where ks = ksref. 

 By manual input (elastic) 

G.3.2.2. "Calculation parameters" box 

The Calculation parameters box allowing the following to be entered:  

 

Designation Units 
Default 
value 

Display 
condition 

Mandatory 
value  

Local 
checks 

Calculation title - - Always Yes - 

Reference elevation m 0.00 Always Yes - 

Inclination angle of the pile 
(with respect to the vertical) 

° 0.00 Always Yes - 

Pile family - "No family" Always Yes - 

Table G.1 : "Parameters" tab: "Calculation parameters" box 
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The "Pile family" data is useful for a pile group calculation in combination with the Groupie+ 
module. In this case, the family allows a pile configuration to be identified and used for a 
Groupie+ calculation (also refer to the Groupie+ manual – Part H and especially its tutorial 
examples). 

The "Load incrementation" button in the "Calculation parameters" box gives access to the 
following window: 

 

Figure G.12 : Load incrementation 

These parameters allow the iterative process related to the soil plastification management to 
be controlled: 

 The external load on the pile is subdivided into several "increments" (20 by default); 

 For each increment, the soil reaction mobilisation level in each element is adjusted by 
an iterative process (limited by default to 100 iterations). 

Designation Units 
Default 
value 

Display 
condition 

Mandatory 
value 

Local 
checks 

Number of increments - 20 Always Yes - 

Number of maximum 
iterations by increment 

- 100 Always Yes - 

Table G.2 : "Parameters tab: "Load incrementation" 

The values proposed by default are sufficient for most situations. However, the user can 
check the convergence of the calculations by ensuring that an increase in the proposed 
default values does not affect the results. If it does, the user shall increase the number of 
increments. 
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G.3.3. "Soil/pile" tab 

 

Figure G.13 : "Soil/Pile" tab 

This tab includes the soil layers definition box and the pile definition and pile discretisation 
box.  

Foxta offers the possibility of saving soil layers in the soil database of the project and/or in 

the global soil database by clicking  button.  

This saves the soil layers with their parameters to avoid re-entering them when creating a 
new pile in Piecoef+ module or another Foxta project.  

Use of the soil database is described in detail in part C of the manual. 
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G.3.3.1. "Soil layers definition" box 

Here, the soil cross-section is defined around the studied pile: the first table below lists all of 
the soil parameters, independent of the type of calculation chosen. The correspondence 
between the type of calculation chosen and the data to be effectively completed is given in 
the second table below. 

IMPORTANT: by convention, in Piecoef+, the base of the piles is defined at base of the last 
soil layer. For example, to define a 12 m long pile, the soil cross-section must be defined 
down to a depth of 12 m. 
 

Designation of parameters Units 
Default 
value 

Display 
condition 

Mandatory 
value 

Local checks 

Zbase: bottom level of the layer m 

1 m lower 
than the 

layer base 
above 

Always 
Yes if 

displayed 

Separate 
values 

decreasing 
with the depth 

EM: pressuremeter modulus kPa - 
According to 

type of 
calculation 

Yes if 
displayed > 0 

Menard's rheologic 
coefficient

- - 
According to 

type of 
calculation 

Yes if 
displayed 0 < ≤ 

B: drilling diameter m - Always 
Yes if 

displayed 
> 0 

Pf*: net creep pressure kPa - 
According to 

type of 
calculation 

Yes if 
displayed > 0 

Pl*: net limit pressure kPa - 
According to 

type of 
calculation 

Yes if 
displayed ≥ Pf 

Ks: reaction coefficient of the 
soil 

kPa/m - 
According to 

type of 
calculation 

Yes if 
displayed ≥ 0 

Pmax: plastification pressure of 
soil 

kPa - 
According to 

type of 
calculation 

Yes if 
displayed ≥ 0 

Ks1: reaction coefficient of soil 
for the first plateau 

kPa/m - 
According to 

type of 
calculation 

Yes if 
displayed > 0 and ≥ Ks2 

P1: soil plastification pressure 
at the 1st plateau 

kPa - 
According to 

type of 
calculation 

Yes if 
displayed ≥ 0 and ≤ P2 

Ks2: reaction coefficient of soil 
for the 2nd plateau 

kPa/m - 
According to 

type of 
calculation 

Yes if 
displayed ≥ 0 

P2: plastification pressure of 
soil at the 2nd plateau 

kPa - 
According to 

type of 
calculation 

Yes if 
displayed 

≥ 0 

Table G.3 : "Soil/Pile" tab: "Soil layers definition" box 
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Type of calculation Type of data Soil data to be entered 

Pile calculation  
under transverse loads 

From pressuremeter data (elastic) Zbase, B, EM,  

From pressuremeter data 
(elastoplastic) Zbase, B, EM, , pf*, pl* 

By manual input 2 plateaux Zbase, B, Ks, Pmax 

By manual input 3 plateaux Zbase, B, Ks1, P1, Ks2, P2 

Specific buckling  
calculation 

From elastic data Zbase, B, EM,  

By manual input Zbase, B, Ks 

Table G.4 : "Soil/Pile" tab: "Soil layers definition" box –  
Data required according to type of calculation chosen 

Note: help diagrams are available for the "manual" input modes. An example of a help 

diagram is given below. To access these diagrams, click  button below the table. 

 

Figure G.14 : Help diagram illustrating the parameters of the 3-plateau "manual" behaviour law 

 

G.3.3.2. "Pile discretisation" box 

Here, the aim is to define the characteristics of the pile within each soil layer. 

The number of subdivisions n controls the density of the finite element mesh considered for 
the pile. It is recommended to refine the mesh as this does not greatly affect the calculation 
time and guarantees a sufficiently accurate result. 

Concerning the consideration of shear force, the contribution of these displacements is 
generally negligible when the "length/diameter" ratio is higher than 10 or even 20 (thin beam 
assumptions). For low slenderness ratio piles such as shafts for example, this assumption is 
not valid and it may be necessary to adopt the general thick beam model which requires the 
definition, in addition to the product of inertia, of the shear stiffness GS’ equal to the product 
of the shear modulus G and the reduced section S’. 
 



   PIECOEF+ – Foxta v3 user’s manual 

 

 

Copyright  Foxta v3 – 2011 - June 2015 issue  23/101 

 

Designation of 
parameters 

Units 
Default 
value 

Display 
condition 

Mandatory value 
Local 

checks 

Tick box 
'consideration of 
shear force'  

- Unticked 

For calculations 
of "Pile 

calculation with 
lateral load" type 

Yes if displayed  

H: soil thickness m - Always 
Completed 

automatically 
- 

EI: product of inertia 
of pile 

kN.m² - Always Yes > 0 

n: subdivisions 
number inside the 
layer 

- 10 Always Yes 5 ≤ n < 4000 

GS': shear stiffness kN - 

If the 
'Consideration 
of shear force' 
box is ticked 

Yes > 0 

Table G.5 : "Soil/Pile" tab: "Pile discretisation" box 

For a homogeneous material, the shear modulus is expressed as a function of the Young’s 
modulus E and the Poisson ratio v by relation: G = E/2(1+ν). The reduced section S’ is 
expressed as the section of the pile S multiplied by a reduction factor k depending on the 
geometrical shape of the section, that is S’ = k x S. The figure below gives the values of k to 
be considered for several current cases: 

 

Figure G.15 : Values k to be considered for calculation of reduced section S’ for several current cases 
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Solid sections Thin wall sections 
Rectangle Circular tube 
Circle Square tube 
Thick tube Section I 
Ellipse Angle 
Half circle U section 

 

Note: consideration of shear force is not accessible for a specific buckling calculation. 

 

G.3.4. "External loads on pile" tab 

 

Figure G.16 : "External loads on pile" tab  

This tab is used to define the various types of loads applied to the pile. Each type of load is 
associated to a specific box. 

Note: for a specific buckling calculation, only the "point loads normal to the pile" box is 
accessible and only the point stiffnesses (K, C) can be defined. 

G.3.4.1. "Point loads normal to the pile" box 

This box is used to define the point loads on the pile. These are expressed in the pile local 
coordinate system and include 4 components: a side force T (perpendicular to the pile), a 
bending moment M, a point translation stiffness K and a point rotational stiffness C. These 
stiffnesses are to be defined (if necessary) in addition to those (surface) representative of the 
soil and defined in the previous tab. 

The number of rows in this table is equal to the number of layers defined in the soil cross-
section plus one: indeed, the point loads normal to the pile can be applied only at the upper 
and lower limits of the layer.  
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REMINDER: the side force T is expressed in the pile local coordinate system; in particular, 
for an inclined pile, this force remains perpendicular to the pile and is therefore not 
horizontal. 

 

Figure G.17 : "External loads on pile" tab – Point loads normal to the pile 

Designation of 
parameters 

Units 
Default 
value 

Display 
condition 

Mandatory 
value 

Local 
checks 

N°: loads order - - Always 
Completed 

automatically 
- 

Z: load elevation M - Always 
Completed 

automatically 
- 

T: point side force kN 0.00 Always 

Yes but all can 
be null 

- 

M: point bending moment kN.m 0.00 Always - 

K: restoring point 
stiffness in lateral 
translation, normal to pile 
axis (*) 

kN/m 0.00 Always ≥ 0 

C: restoring point 
stiffness in rotation (**) 

kN.m/rad 0.00 Always ≥ 0 

 (*): To simulate a hinge, take K=1
e
10 kN/m. 

(**): To simulate a beam clamping, take K=1
e
10 kN/m and C= 1

e
10 kN.m/rad.  

Table G.6 : "External loads on pile" tab: "Point loads normal to the pile" box 

Clicking  button opens the load definition help window: 

 

Figure G.18 : Load definition help 
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G.3.4.2. "Prescribed displacements at pile head" box 

 

Figure G.19 : "External loads on pile" tab – Prescribed displacements at pile head 

 

With this box, the user can impose a translation or a rotation at pile head. The definition of a 
prescribed translation (resp. rotation) at the head deactivates the prescribed side force (resp. 
moment) at the head in the previous box. 

 

Designation of 
parameters 

Units 
Default 
value 

Display 
condition 

Mandatory value 
Local 

checks 

y: imposed translation 
at pile head: tick box 
and value 

m - - 
Value to be defined if 
the tick box is ticked 

- 

: imposed rotation at 
pile head: tick box and 
value 

Rad - - 
Value to be defined if 
the tick box is ticked 

- 

Table G.7 : "External loads on pile" tab: "Prescribed displacements at pile head" box 

 

Note: the prescribed displacements at pile head will not be displayed or considered if multiple 
loads at the pile head are activated.  
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G.3.4.3. "Multiple loads at the pile head" box 

 

Figure G.20 : "External loads on pile" tab – Multiple loads at the pile head 

This box allows the user to define several load cases (T, M) at pile head. 

G.3.4.3.1. Activate the multiple loading at pile head 

The data below is to be completed if the "Activate the multiple loading at pile head" tick box 
is activated. In this case, at least one row must be entered in the corresponding table. Also, 
all defined rows must be completed. 

 

Designation of 
parameters 

Units 
Default 
value 

Display 
condition 

Mandatory 
value 

Local checks 

N°: load case number 
at pile head 

- - 

For each line 
created in 
the table 

Incremented 
automatically 

- 

T: side force at pile 
head 

kN - Yes On each row, 
one of the 2 
values must 
not be null M: bending moment at 

pile head 
kN.m - Yes 

Table G.8 : "External loads on pile" tab: "Multiple loads at the pile head" box 

Reminder: the prescribed displacements at pile head will not be displayed or considered if 
multiple loads at the pile head are activated.  

The pile family is displayed under the table of this box (according to the data entered for the 
"Parameters" tab). If a family has effectively been defined in "Parameters" tab, "load cases 

import from Groupie+ wizard" is accessible by clicking  button. Its use is described in the 

next subchapter. 
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G.3.4.3.2. Load cases import from Groupie+ 

As stated previously, if a family has been defined in "Parameters" tab, "Load cases import 

from Groupie+ wizard" is accessible by clicking  button. A specific wizard is then 

displayed (cf. Figure G.21). 

 In "Import directory" box, indicate the directory where the Groupie+ calculation to be 
imported is found. By default, the wizard displays the directory of the current project. 

If need be, use Browse  button. In the left hand box, Foxta displays the piles 

available in the selected directory. 

 Select the chosen pile and the import axis (along Ox or along Oy): the calculation 
date is displayed on the right. A warning message may tell that the calculation date is 
old and ask the user to check the content of the imported values. 

The values of the T and M pairs (Side force - kN - and Bending moment - kN.m) 
contained in the selected file are displayed in the right hand box: these are the pairs 
which will be imported if the user validates this window. 

 Indicate whether the existing pairs (T, M) in the current project must be replaced or 
whether pairs (T, M) are to be added to the existing pairs of the current project. 

 Click  button. 

 

 

Figure G.21 : Load cases import from Groupie+ wizard 

The data imported is now available in the form of load cases at the pile head (T, M) in 
Piecoef+ module. 
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G.3.4.4. "Distributed loads normal to the pile" box 

 

Figure G.22 : "External loads on pile" tab – Distributed loads normal to the pile 

This box allows the user to define the distributed loads normal to the pile (local coordinate 
system) in the form of a trapezoidal load on the thickness of each layer. These loads are 
taken as positive from left to right. 

The data below is to be completed if the "Activate distributed loads" tick box is activated: 

Designation of 
parameters 

Units 
Default 
value 

Display 
condition 

Mandatory value 
Local 

checks 

N°: loads order - - 

If 'Activate 
distributed 
loads' is 
ticked 

Completed 
automatically 

- 

Z1: top level of the 
load 

m - 
Completed 

automatically 
- 

Z2: base level of the 
load 

m - 
Completed 

automatically 
- 

Ch. 1: load value at 
the top of the layer 

kPa 0.00 

Yes but all can be 
null 

- 

Ch. 2: load value at 
the bottom of the 
layer 

kPa 0.00 - 

Table G.9 : "External loads on pile" tab: "Distributed loads normal to the pile" box 

 

The number of rows in this table is therefore fixed: it is equal to the number of layers defined 
in the soil cross-section and some data is completed automatically according to the soil 
cross-section (however, it is possible not to define distributed loads in the table if the project 
has none).  
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G.3.5. "Free g(z) soil displacement " tab 

Note: This tab is accessible only for a pile calculation under transverse loads. 

This function (optional) allows the user to define a free g(z) soil displacement around the pile: 
considering such a displacement implies that the lateral reaction of the soil does not depend 
on the lateral displacement of the pile but on the relative displacement of the pile y(z) with 
respect to the (free) displacement of the soil y(z)-g(z).  

This free soil displacement generally occurs within a compressible layer under the effect of a 
backfill built after the implementation of the piles as shown on the figure below. 

 

Figure G.23 : Example of development of a free g(z) displacement 

 

Figure G.24 : "Free g(z) soil displacement" tab 
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G.3.5.1. "Free g(z) soil displacement" box 

The data below is to be completed if the "Define a g(z) displacement" tick box is activated: 

Designation of 
parameters 

Units 
Default 
value 

Display 
condition 

Mandatory 
value 

Local checks 

Layer - - 

If "Define a 
g(z) 

displacement" 
is ticked 

Completed 
automatically 
according to Z 

- 

Z: elevation m - Yes 

The series of 
values must 
be strictly 
decreasing 

g(z): free 
displacement of 
soil 

m - Yes - 

Table G.10 : "Free g(z) soil displacement" tab "Free g(z) soil displacement" box 

 

This table can be completed manually or automatically by the g(z) wizard described below. 

Note: the free g(z) displacement can be introduced directly by any (z, g(z)) pairs. In 
particular, Z values need not be compatible with the pile mesh. Indeed, the calculation 
engine systematically applies a re-interpolation of these values to express the g(z) values at 
the calculation points. 

The free g(z) displacement is shown on the graphical representation:  

 

Figure G.25 : Graphical representation of the free g(z) displacement 

G.3.5.2. g(z) wizard using Eurocode 7 

This wizard generates, over the height of a given layer, a free g(z) soil displacement in 
compliance with the provisions of the Eurocode 7 standard for deep foundations (NF P 
94 262): this is a third degree polynomial function characterised by an amplitude gmax and 4 
coefficients A1 to A4.  The deep foundation standard proposes an empirical method for 
evaluating the gmax amplitude of the g(z) function expressed as a percentage of the height of 
the compressible layer. This percentage depends on the geometry of the backfill, the relative 
position of the pile with respect to the base of the backfill and the available safety vis-à-vis 
the stability of the whole. 

For coefficients A1 to A4, the deep foundation standard proposes two sets of coefficients 
(curves I and II in the interface) according to the presence or not of a less deformable layer 
at the surface:  
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 Set 1: to be used in the general case; 

 Set 2: to be used in the case of a less deformable layer of significant height at the 
surface (greater than 30% of the height of the compressible layer). 

g(z)/gmax

z
/D

 

Figure G.26 : g(z) function - Curves 1 and 2 as defined in Eurocode 7 

 

This wizard is accessible by  button: 

 

Figure G.27 : g(z) wizard using the Eurocode 7 
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"Definition of compressible horizon" box  

 

Designation of 
parameters 

Units 
Default 
value 

Display 
condition 

Mandatory 
value 

Local checks 

Z1: horizon roof 
elevation 

m 0.00 Always Yes Z1>Z2 

Z2: base elevation of 
the horizon 

m 0.00 Always Yes Z1>Z2 

Table G.11 : g(z) wizard: "Definition of compressible horizon" box 

 

"Dimensionless definition" box  

Designation of 
parameters 

Units Default value 
Display 

condition 
Mandatory 

value 
Local checks 

A1 - 
Coefficients A1 

to A4 are 
proposed 

according to the 
deep foundation 

standard  

Always Yes - 

A2 - Always Yes - 

A3 - Always Yes - 

A4 - Always Yes - 

Table G.12 : g(z) wizard: "Dimensionless definition" box 

"Amplitude" box  

Designation of parameters Units 
Default 
value 

Display 
condition 

Mandatory 
value 

Local  
checks 

Gmax: maximum amplitude of free 
displacement of soil in 
compliance with the deep 
foundation standard 

m - Always Yes - 

Table G.13 : g(z) wizard: "Amplitude" box 
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G.3.5.3. Import wizard for a Piecoef+ displacement 

The user can import a Piecoef+ displacement by clicking  button under the g(z) table: 

 

Figure G.28 : Import wizard for a Piecoef+ displacement 

 On the top of the window, Foxta indicates by default the directory and the name of the 

current project. By clicking Browse  button, the user can select another 

project in the same directory or in a different directory. 

 Select a pile in the left hand box: the calculation date of this pile is displayed on the 
right. A warning message may indicate that the calculation date is old and ask the 
user to check the content of the imported values. 

 Foxta displays the values to be imported in the right hand frame "z => g(z) values to 
import". 

 Indicate whether the existing g(z) values of the current project are to be replaced or 
whether imported values are to be added after the existing values of the current 
project. 

 Click  button. 

The imported values are now available in the project. 

 

The number of rows in this table is therefore fixed: it is equal to the number of layers defined 
in the soil cross-section and some data is completed automatically according to the soil 
cross-section (however, it is possible not to define distributed loads in the table if the project 
has none).  
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G.3.6.  "Initial displacement of pile y0(z)" tab 

Note: this tab is accessible only for a specific buckling calculation. 

This function (optional) allows the user to define an initial displacement y0(z) for the pile (for a 
defect in shape for example). On the basis of this displacement, Piecoef+ evaluates the 
bending loads and the 2nd order displacements generated by applying an axial force at the 
head of the pile.  

The data below is to be completed if "Define a y0(z) displacement" tick box is activated: 

Designation of 
parameters 

Units 
Default 
value 

Display 
condition 

Mandatory 
value 

Local checks 

Layer - - 

If "Define a 

y0(z) 
displacement" 

is ticked 

Completed 
automatically 
according to Z 

- 

Z: elevation m - Yes 

The set of 
values must 
be strictly 
decreasing 

y0(z): initial 
deflection of the 
pile 

m - Yes - 

Table G.14 : "Free g(z) soil displacement" tab "Free g(z) soil displacement" box 

 

This table can be completed manually or automatically by an import wizard the use of which 
is identical to the one described in chapter G.3.5.3. 

Note: the initial displacement y0(z) can be introduced directly by any pair (z, y0(z)). In 
particular, Z values needn’t to be compatible with the pile mesh. Indeed, the calculation 
engine systematically applies a re-interpolation of these values to express the y0(z) values at 
calculation points. 

The free y0(z) displacement is shown on the graphical representation:  

 

Figure G.29 : Graphical representation of the initial y0(z) displacement 
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G.3.7. Calculation and Results 

G.3.7.1. Calculation 

The calculation can be launched from any tab provided that the tabs are correctly completed, 
that is when they are all marked by a green cross (for example: ).  

These tabs are marked by a red cross (for example: ) whilst not correctly completed 

(missing data or not complying with expected values).  

To launch the calculation, click  button. 

G.3.7.2. Results  

To display the calculation results, click  button. 

The window below is then displayed and proposes different types of results accessible after 
a Piecoef+ calculation:  

 2 types of numerical results: formatted results and result tables. 

 2 types of graphical results: main curves and curves related to buckling. 

 

Figure G.30 : Results window 

The chapters below detail the various results for a calculation case without multiple loads at 
pile head. See chapter G.3.7.3 for the results of a calculation with multiple loads at pile head. 
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G.3.7.2.1. Formatted numerical results 

 

Figure G.31 : Formatted numerical results  (reminder of data) 

 

The formatted results contain:  

 A reminder of the data: general parameters, soil data, pile discretisation, defined loads, 
etc. This first section also includes the list of calculation points (nodes) defined along the 
pile in its local coordinate system. 
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Figure G.32  : Formatted numerical results (start of results section) 

 Results:  

 The stiffness matrix at pile head: stiffness coefficients 1, 2 and 3 and the values of 
constants T0 and M0 at the head of the pile at point C0. These stiffnesses are 
expressed in the local coordinate system of the pile, where: 

o 1 (kN/m):  translation stiffness 

o 2 (kN):  "crossed" translation/rotational stiffness 

o 3 (kN.m/rad):  rotational stiffness 
o T0 (kN):  translation force 
o M0 (kN.m):  moment 

This stiffness matrix can then be used for the Groupie+ calculation on a group of piles 
(importation into Groupie+ possible, see part H of the manual). 

 The table of displacements and loads at all points on the pile: 
o Z: elevation (m) 
o X: abscissa in the pile local coordinate system (m) 
o y: absolute lateral deflection of the pile (m) 
o g: projected soil free displacement (m) 
o w: rotation (rad) 
o T: shear force (kN) 
o M: bending moment (kN.m) 
o r: soil lateral reaction (kPa) 
o palier (plateau): indication of reached plateau 
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At the end of this table, the extreme values are displayed for each type of result. 

 The buckling loads for each mode. 

. 

Figure G.33  : Formatted numerical results  
(start of results section for a buckling calculation) 

G.3.7.2.2. Numerical results - Results tables 

 

Figure G.34 : Numerical results – Table of results 

These are the same results as those detailed for the formatted results in chapter G.3.7.2.1, 
but presented this time in table form and without the data reminder part. Some results are not 
displayed in these tables, such as the rotations for example. 
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G.3.7.2.3. Graphical results - Main curves 

 

Figure G.35 : Graphical results – Main curves 

Note: these main curves are not accessible for a "specific buckling calculation". 

The main curves are the graphical display of 4 types of results:  

 the lateral displacement of the pile (m) versus the local abscissa of the pile x(m); 

 the bending moment of the pile (kN.m) versus the local abscissa of the pile x(m); 

 the shear force in the pile (kN) versus the local abscissa of the pile x(m); 

 the lateral soil reaction (kPa) versus the local abscissa of the pile x(m). 

The minimum and maximum values of the curve are given under each curve. 
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This window also includes a reminder of the family defined for the pile (on top of the window), 

and a  button to access the pile head stiffness matrix (stiffness coefficients 

1, 2 and 3 and the values of pile head constants T0 and M0): 

 

Figure G.36 : Groupie+ parameters 

G.3.7.2.4. Graphical results - Curves related to buckling 

 

Figure G.37 : Graphical results: Curves related to buckling 

In this window, Piecoef+ gives the critical buckling load value FCR (kN) and three sets of 
curves: 

 the critical buckling mode; 

 the 2nd order calculation with amplification of the displacements under an axial force 
F applied at pile head, expressed as a fraction of the critical buckling load; 

 the 2nd order calculation with amplification of the moments under an axial force F 
applied at pile head. 
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G.3.7.3. Results for multiple loads at pile head 

For a calculation with multiple loads at pile head, the results are presented in a slightly 
different way:  

 on the one hand, Piecoef+ displays the results for the various load cases at pile head,  

 on the other hand, the Groupie+ parameters (stiffness matrix at the head of the pile) 
and the curves related to buckling are not available. 

The subchapters below detail the modifications in the display of the results (with respect to 
the calculation cases without multiple loads at pile head) for each type of results 
presentation. 

G.3.7.3.1. Formatted numerical results 

With respect to the results given in chapter G.3.7.2.1:  

 The formatted file includes no stiffness matrix at pile head. 

 The formatted file successively includes detailed results for each of the load cases at 
pile head. 

 The formatted file does not include additional results related to buckling. 

 

 

Figure G.38 : Formatted numerical results for a multiple load case at pile head 
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G.3.7.3.2. Numerical results - Results tables 

With respect to the results given in chapter G.3.7.2.2:  

 this time, a selection list is available at the top of the window to select the load case 
which results shall be displayed. 

 the stiffness matrix at pile head is not displayed. 

 

Figure G.39 : Table of results for a multiple load at pile head case 

 

G.3.7.3.3. Graphical results - Main curves 

With respect to the results given in chapter G.3.7.2.3: 

 this time, a choice list is available at the top of the window to select the load case 
which results shall be displayed. 

 the "Groupie+ parameters" button is shaded: the stiffness matrix at pile head is not 
accessible. 
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Figure G.40 : Main curves for a multiple loads at pile head case 

 

G.3.7.3.4. Graphical results - Curves related to buckling 

The buckling results are not available for the calculation case with multiple loads at pile head: 
these types of results are therefore not accessible in this case (button shaded). 
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G.4. EXAMPLES OF PIECOEF+ CALCULATIONS 

Piecoef+ module can perform several types of calculations related to a pile submitted to 
transverse loads: 

 the stiffness coefficients calculation (for further use in combination with Groupie+ 
module); 

 calculation of the loads and displacements along a pile (considering a g(z) soil 
displacement or not); 

 the buckling and the second order effects calculation. 

The 4 examples below illustrate these types of calculations. 

 

G.4.1. Example 1: Calculation of a pile submitted to (T, M) loading at pile head 

This example studies a pile submitted to side forces at the head. 

 Firstly, we will study this pile assuming that the pile is vertical and that the behaviour 
of the soil is elastic. 

 Secondly, we will consider the same pile with an elastoplastic behaviour of the soil. 

 Lastly, we will introduce an inclination for the pile. 

G.4.1.1. Step 1: Vertical pile and elastic behaviour of the soil 

 For this first step, we will consider a vertical pile with a diameter of 60 cm and a 
length of 12 m, passing through 2 soil layers (sandy fill then marly substratum) the 
behaviour of which is considered as elastic. This pile will be submitted to a horizontal 
force at pile head of 700 kN and we assume null prescribed rotation at pile head 
(beam clamping in a footing). 
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G.4.1.2. Data input 

When the application is opened, Foxta proposes to: 

 create a new project, 

 open an existing project, 

 automatically open the last project used. 

For this example: 

 Choose to create a new project by selecting  radio-button.  

 Click  button. 

G.4.1.2.1. New project wizard  

"File" box 

 Complete the path of the project by clicking  button. 

 Give and save the name of the file. 

"Project" box 

 Enter a project title 

 Enter a project number 

 Add a comment if necessary 

 Leave "Use the soil database" box unticked (the database will not be used in this 

example), and click  button. 

 

G.4.1.2.2. New project wizard: Choice of modules 

In "Modules to use" window, select Piecoef+ module then click  button.  
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Piecoef+ data input window is then displayed.  

Complete the various tabs with the data proposed.  

 

G.4.1.2.3. "Parameters" tab 

 

This tab includes two boxes:  

"Calculation type" box: select 

 drop-down list 1: Pile calculation under transverse loads 

 drop-down list 2: based on pressuremeter data input (elastic) 

 drop-down list 3: with permanent loads 

"Calculation parameters" box:  

 Calculation title: Example 01a 

 Reference elevation (m): 0.0 m 

 Inclination angle of the pile: 0° (corresponding to a vertical pile) 

 Pile family: none for this example 

 Load incrementation: here, we will conserve the values proposed by default. 

To go to the next tab, click either the name of the "Soil/Pile" tab or  button. 
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G.4.1.2.4. "Soil/Pile" tab 

This tab concerns the definition of the soil layers and the discretisation of the pile. 

 

 

"Soil layers definition" box:  

In this example, there are 2 soil layers to be defined. 

The data to be entered is given in the table below. 

Important: by convention, in Piecoef+, the base of the piles is defined at the base of the last 
soil layer. To define a pile with a length of 12 m, define the soil cross-section down to a depth 
of 12 m. 

Click  button to create each layer. 

The data to be entered is as follows: 

 

Name 

Zbase (m) 

Bottom level 
of the layer 

EM (kPa) 

Pressuremeter 
modulus 



Menard’s 
rheologic 
coefficient 

B (m) 

Drilling 
diameter 

Sandy fill -8.0 5,000 0.33 0.60 

Marly substratum  -12.0 20,000 0.50 0.60 

Note: the colour of each layer is proposed automatically but can be modified. 

 

Piecoef+ allows saving these soil layers in the database of the project and/or in the global 

soil database by clicking  button. 
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This allows the soil layers to be saved with their parameters to avoid re-entering them when 
using another module for the same Foxta project or when creating another Foxta project.  

The database will not be used in this example. Its use is however described in detail in part C 
of the manual. 

"Pile discretisation" box:  

The layers defined previously are automatically transferred to this table. 

The data to be entered is given in the table below.  

Here the "Consideration of shear force" box is left unticked. 

 

Name 

h (m) 

Soil thickness (completed 
automatically) 

EI (kN/m2) 

Product of inertia 
of pile 

n 

Subdivisions 
number inside 

the layer  

Sandy fill 8.0 63600 30 

Marly substratum 4.0 63600 15 

The EI product defined here corresponds to a 60 cm diameter pile with a modulus of 10 GPa. 

The number of subdivisions n controls the density of the finite element mesh considered for 
the pile. Do not hesitate to refine the mesh as this does not greatly affect the calculation time 
and guarantees a sufficiently accurate result. For this example, the number of subdivisions 
has been defined as proportional to the thickness of each layer so that a constant calculation 
step of 4/15 = 0.27 m can be used. 

 

G.4.1.2.5. "External loads on pile" tab 
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"Point loads normal to the pile" box:  

The data to be entered is as follows:  

 load elevation Z (m) (deduced from the elevations entered in the "Soil/Pile" tab) 

 point side force T (kN) 

 point bending moment M (kN.m) 

 restoring point stiffness in lateral translation K (kN/m) 

 restoring point stiffness in rotation C (kN.m/rad) 

To apply a horizontal force of T = 700 kN to the head of the pile, the data to enter is as 
follows:  

 

N° Z (m) T (kN) M (kN.m) K (kN.m) C (kN.m/rad) 

0 0.00 700.00 0.00 0.00 0.00 

1 -8.00 0.00 0.00 0.00 0.00 

2 -12.00 0.00 0.00 0.00 0.00 

 

Note:  button displays a help diagram which gives the sign convention and the meanings 

of the parameters required: 

 

 

"Prescribed displacements at pile head" box: 

The data to be entered is as follows:  

 prescribed translation y (m) 

 prescribed rotation (rad) 

Here, a null rotation condition is imposed on the head of the pile:  

 Tick box Values 

y (m) No - 

(rad) Yes 0.00 
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"Multiple loads at the pile head" box: 

 Keep "Activate the multiple loads at pile head" box unticked. 

"Distributed loads normal to the pile" box:  

 Keep "Activate distributed loads" box unticked. 

 

G.4.1.2.6. "Free g(z) soil displacement" tab 

"g(z) definition" box:  

 Keep the "Define a g(z) displacement" box unticked. 

Indeed, this function will not be used here. 

 

G.4.1.3. Calculation and results 

G.4.1.3.1. Calculation 

Whilst the tabs are not all correctly completed, the button starting the calculation is marked 

with a red cross:   

Once all the data is correctly entered,  button becomes active (this button is 

accessible from all the tabs). 

Clicking this button starts the calculation.  

To access the results in table and graphical form, click  button. 

 

G.4.1.3.2. Results 

The types of results available (numerical and graphical) are given below: 

 

For example, click "Main curves" button. 
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Forces and displacements 

 

 

Results obtained:  

Deflection: lateral 
displacement (cm) 

Bending moment M 
(kN.m) 

Shear force  
T (kN) 

Lateral soil reaction p 
(kPa) 

Min Max Min Max Min Max Min Max 

0.1 2.4 -725 151 -47 700 -39 563 

The results obtained are consistent with those expected for a pile submitted to a horizontal 
force at the head, with simulation of an elastic behaviour of the soil and null rotation condition 
at the head. Indeed: 

 We find the prescribed horizontal force of 700 kN at the head. 

 The lateral displacement is maximum, as expected, at the head of the pile, with 2.4 
cm. 

 The moment is also maximum at the head of the pile with an absolute value of 
725 kN.m (beam clamping moment). 

 Lastly, the lateral reaction is also maximum at the head of the pile with 563 kPa. 
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Exporting data: 

The  button allows the user to export the curves to an image:  

 

 

G.4.1.3.3. Stiffness coefficients  

These coefficients will not be used in this example (as we are not considering the behaviour 
of a pile studied within a group of piles with the Groupie+ module), but we will nevertheless 
comment on them for information purposes. 

To obtain the stiffness results, click  button. 

These stiffnesses are expressed in the local coordinate system of the pile, where: 

 1 (kN/m): translation stiffness 

 2 (kN): "crossed" translation/rotation stiffness 

 3 (kN.m/rad): rotational stiffness 

 T0 (kN): translation force 

 M0 (kN.m): moment 

 

 

 

Return to the window presenting the various results: 

Click  button to return to the screen allowing the various types of results to 

be selected. 
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G.4.1.3.4. Calculation variant  

We will now do the same calculation, but replacing the prescribed rotation condition (null) at 
the head of the pile by a very high restoring stiffness value for head rotation. 

Record your project, then do a "save as" giving it a different name: "Example 01abis" for 
example. 

 

To modify the data, click  button and return to "External loads on pile" 

tab: 

 Untick "Prescribed rotation " box to eliminate the null rotation condition at the head. 

 Define C = 1e10 kN.m/rad at Z = 0 m (at the head of the pile): very high value for the 
restoring stiffness for head rotation. This is an alternative way of simulating blocking 
in rotation. 

 

 

Start the calculation by clicking  button.  

Then click  button: 

The graphical results, "Main curves" show that the results are identical for the forces and 
displacements: indeed a very high restoring stiffness at the head leads to the same 
behaviour for the pile as a prescribed null rotation at the head. 
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However, certain "Stiffness coefficients" ("Groupie+ parameters") have been affected: 

  

 

In fact, these stiffness coefficients represent the apparent behaviour at the head of the "pile + 
soil + point supports" system. Thus, the values obtained represent the behaviour of a pile the 
head of which will always be blocked in rotation irrespective of the load applied.  

However, when this blocking in rotation was simulated by a "null prescribed rotation", this 
was considered by the calculation engine as a "load case" and not as a support condition.  
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G.4.1.4. Step 2: Elastoplastic soil 

We will now do the same example as above but adopting an elastoplastic behaviour for the 
soil (defined from pressuremeter results). 

G.4.1.4.1. Modification of the data 

Click  button. 

Save the example above with a new name ("Example 01b" for example), then modify the 
data as follows. 

Return to "Parameters" tab: 

"Calculation type" box:  

 In the second drop-down list, select "Based on pressuremeter data input (elasto-
plastic)". 

 In the third drop-down list, select "If permanent loads applied at pile head are 
dominant":  

 

The definition of the soil layers must be completed to take the elastoplastic behaviour into 
account (moreover, the red cross on the "Soil/Pile" tab clearly indicates that the data is 
incomplete): click "Soil/Pile" tab. 

New columns appear in the upper table and must be completed: these are the Pl* (net limit 
pressure) and Pf* (net creep pressure) values for each layer. 

 

Name Zbase (m) EM (kPa)  B (m) Pf* (kPa)  Pl* (kPa)  

Sandy fill -8.00 5,000 0.33 0.60 300 500 

Marly 
substratum 

-12.00 20,000 0.50 0.60 2000 3000 
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Now, start the calculation by clicking  button.  

Then click  button. 
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G.4.1.4.2. Results 

Main curves: Forces and displacements  

 

Elastic calculation (reminder of previous results): 

 

 

Elastoplastic calculation (results of new calculation): 
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Comparison of forces and displacements: Elastic/elastoplastic calculation: 

 

 

Deflection: 
lateral 

displacement 
(cm) 

Bending 
moment 
M (kN.m) 

Shear force 
T (kN) 

Lateral soil reaction 
p (kPa) 

 Min Max Min Max Min Max Min Max 

Elastic 
calculation 

-0.1 2.4 -725 -151 -47 700 -39 563 

Elasto-
plastic 
calculation 

-0.2 5.6 -1065 296 -92 700 -92 300 

Note that the elastoplastic behaviour has introduced a "limit" for the soil’s lateral passive 
earth pressure (plasticity): the soil cannot bear the same loading as in elastic behaviour: 

 The lateral reaction is limited to the (net) creep pressure value and this limit is 
effectively reached over almost 4 m at the head of the pile. 

 The displacements are higher (the displacement value at the head has more than 
doubled).  

 The loads in the pile have also increased: moments and shear forces (except for the 
value at the head, corresponding to the 700 kN value prescribed in the data). 

 

Stiffness coefficients:  

 

 

 

The stiffness coefficients have changed with respect to the previous step. The partial 
plastification of the soil has thus led to a reduction of the "elastic" part of this stiffness matrix, 
represented here by coefficients ρ1, ρ2 and ρ3. Also, the nonlinearity of the behaviour of the 
system generates a non-null term at origin, represented here by terms T0 and M0. 
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G.4.1.5. Step 3: Inclined pile case 

We will now start from the previous example (with elastoplastic behaviour) and introduce a 
pile inclination of 30° from the vertical. 

 

G.4.1.5.1. Taking 30° inclination into account 

To modify the data, click  button and return to "Parameters" tab: 

"Calculation parameters" box:  

 Inclination angle of the pile (from the vertical): 30° 

Caution: this means defining a pile longer than before as its base is located by convention 
level with the base of the last soil layer which is unchanged at elevation -12. The new length 
of the pile is therefore equal to 12/cos(30°) = 13.86 m. 

 

 

 

Also, the force applied to the head is a side force, expressed by convention in the local 
coordinate system of the pile and is therefore perpendicular to the pile: therefore, the force 
T = 700 kN is now also inclined by 30°. 

Save your project under a different name: "Example 01c" for example. 

Start the calculation by clicking  button.  

 

Then click  button. 
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G.4.1.5.2. Results 

Main curves: 

 

 

All the results are expressed in the local coordinate system of the pile: in particular, the 
lateral displacement is an upward displacement inclined 30° from the horizontal.  
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The formatted results are shown below. 

They are also expressed in the local coordinate system. Note that the "palier" (plateau) 
column gives the mobilisation state of the lateral reaction of the soil in each element. It varies 
between 1 and 3 according to the total number of plateaux comprising the mobilisation curve. 
In particular, the value 1 always corresponds to a pure elastic state whereas a value higher 
than or equal to 2 corresponds to a partial or total plastification state. 
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G.4.2. Example 2: Pile submitted to a lateral displacement g(z) of soil 

This second example allows us to consider the case of a pile with elastoplastic behaviour of 
the soil, submitted not to loads at head, but to a lateral earth pressure represented by a "free 
displacement" called g(z). 

The example will be first run for 18 m long and 1 m diameter vertical piles with imposed null 
displacement at head. A variant will also be proposed with more flexible piles (35 cm in 
diameter). 

A last part of the example illustrates the manual input of a 3-plateau behaviour law rather 
than the use of pressuremeter parameters.  

 

 

 

G.4.2.1. Step 1: Elastoplastic behaviour and g(z) curve 

We will first define 1 m diameter and 18 m long piles with an elastoplastic behaviour of the 
soil (defined from pressuremeter test results). 

G.4.2.2. Data input 

 Choose to create a new project by selecting  radio-button. 

 Click  button. 

If Foxta is already open, click "File", "New project" menu. 

 

Elevation reference: 0.0 m 
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G.4.2.2.1. New project wizard 

File box 

 Complete file path by clicking  button. 

 Give a name to the file and save it. 

"Project" box 

 Give the project a title. 

 Enter a project number. 

 Add a comment if required. 

 Leave "Use the soil database" box unticked (we will not use the database for this 

example) and click  button. 

 

 

G.4.2.2.2. New project wizard: Modules to use 

In "Modules to use" window, select Piecoef+ module then click  button. 

 

 

The Piecoef+ data input window is displayed. 

Complete the data tabs on right-hand zone of screen.  
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G.4.2.2.3.  "Parameters" tab 

 

 

This tab includes two boxes:  

"Calculation type" box: select 

 drop-down list 1: Pile calculation under transverse loads 

 drop-down list 2: Based on pressuremeter data input (elasto-plastic) 

 drop-down list 3: If loads due to transverse earth pressure are dominant 

"Calculation parameters" box:  

 Calculation title: Example 02a 

 Reference elevation: 0,0 m 

 Inclination angle of the pile: 0° (vertical pile) 

 Pile family: no family 

 Load incrementation: here, we will keep the default values. 

 

To go to the next tab, click either name of "Soil/Pile" tab or  button. 
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G.4.2.2.4.  "Soil/Pile" tab 

 

This tab is used to define the soil characteristics and the pile discretisation. 

 

"Soil layers definition" box:  

Create three soil levels by clicking  button to add each layer. 

The data to be input is as follows: 

Name Zbase (m) EM (kPa)  B (m) Pf* (kPa) Pl* (kPa) 

Subgrade -2,0 20000 0,33 1,0 700 1000 

Soft clay -12,0 2000 0,50 1,0 100 200 

Dense sand -18,0 30000 0,33 1,0 2500 3500 

Note: We will not use the database for this example. 

"Pile discretisation" box:  

The data to be input is as follows: 

 Leave "Consideration of shear force" box unticked 

Layer h (m) EI (kN.m
2
) n 

Subgrade 2,0 491000 10 

Soft clay  10,0 491000 30 

Dense sand  6,0 491000 20 

The EI product defined here corresponds to a concrete pile, with a solid circular section of 1 
m in diameter. The concrete modulus is taken as equal to 10,000 MPa. 
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The discretisation has been defined with respect to the thickness of each layer but without 
attempting to find the same calculation step in each layer as this is not mandatory and does 
not affect the results provided the mesh is sufficiently refined. 

G.4.2.2.5. "External loads on pile" tab 

 

"Point loads normal to the pile" box:  

There is no load to be defined for this example (the only load applied to the pile is curve 
g(z)). 

"Prescribed displacements at pile head" box: 

We will prescribe a null displacement at pile head. 

The data to be input is therefore as follows:  

 Tick box Values 

y (m) Yes 0,00 

(rad) No - 

 

"Multiple loads at the pile head" box: 

 Leave "Activate the multiple loading at pile head" box unticked. 

 

"Distributed loads normal to the pile" box:  

 Leave "Activate distributed loads" box unticked. 
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G.4.2.2.6. "Free g(z) soil displacement" tab 

 

"g(z) definition" box:  

 Click "Define a g(z) displacement" box. 

 Open g(z) wizard by clicking  button to calculate the displacement values. The 

data to be input is described below. 

Note: The free g(z) displacement can be input directly by any (z, g(z)) pairs. In 
particular, the "z" values need not be compatible with the pile mesh. Indeed, the 
calculation engine systematically applies a re-interpolation of these values to express 
the g(z) values at the calculation points. 

"Definition of compressible horizon" box:  

 Horizon roof elevation Z1 (m): here, this is the roof of the soft clay layer (elevation 
-2,0 m). 

 Base elevation of the horizon Z2 (m): here, this is the base of the soft clay layer 
(elevation -12,0 m). The prescribed g(z) curve therefore concerns only the 
thickness of the soft clay layer. 

"Dimensionless definition" box:  

 Polynomial coefficients A1, A2, A3 and A4 (values proposed by default as a 
function of curve type (I or II). 

 EC7 curve:  
 I: General case 
 II: Case of a layer less deformable on surface of a substantial height (> 0.3 

x D) which is the case here. 

Amplitude box:  

 Gmax (m) = maximum horizontal displacement of soil, taken equal to 5 cm. 
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The data to be input is as follows:  

Z1 (m) Z2 (m) Curve A1 A2 A3 A4 Gmax (m) 

-2,0 -12,0 II 0,50 1,50 0,00 -2,00 0,05 

 

 

 

Click  button to import g(z) curve thus generated into current project.  

 

This g(z) curve is represented (in green) on the project cross-section. 

 



PIECOEF+ – Foxta v3 user’s manual  

 

 

70/101 June 2015 issue - Copyright  Foxta v3 - 2011 

G.4.2.3. Calculation and Results 

G.4.2.3.1. Calculation 

Click  button. 

To see the results in table and graph form, click  button. 

 

G.4.2.3.2. Results 

Main curves: 

 

 

Deflection: lateral 
displacement (cm) 

Bending moment 
 M (kN.m) 

Shear force  
T (kN) 

Lateral soil reaction  
p (kPa) 

Min Max Min Max Min Max Min Max 

-0,1 2,7 -964 776 -448 467 -114 737 

 

The introduction of a free g(z) soil displacement is represented in the calculation by a lateral 
reaction not proportional to the pile displacement y(z) but to the relative displacement of the 
pile with respect to the soil y(z) – g(z), which explains why a negative reaction is obtained on 
the height of the clay layer as the obtained displacement of the pile is lower than the free soil 
displacement. 

 

Click  button to obtain the stiffness coefficients (as in example 1, these are 

given here for information purposes but will not be used for example 2): 
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The obtaining of a non null term at origin (T0, M0) is synonymous with a nonlinearity of the 
apparent behaviour at pile head. This can be explained both by a partial plastification of the 
soil or by the application of a load on the pile other than the one at the head.  

Click  button to return to presentation of various types of results, then 

click "Formatted results". 

These results notably include the detail of the g(z) curve. 
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G.4.2.4. Calculation variant with a more flexible pile 

Click  button to modify the data. 

 

G.4.2.4.1. Modification of pile characteristics 

 

In the "Soil/Pile" tab, modify the diameter of the pile and its EI product: 

"Soil layers definition" box: 

 Drilling diameter B: 0.35 m for the three soil layers. 

"Pile discretisation" box: 

 Pile product of inertia EI = 7366 kN.m2 over complete height (always calculated for a 
10,000 MPa modulus). 

 

Save the project with a different name: "Example 02ab" for example. 

Start the calculation by clicking  button. 
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G.4.2.4.2. Results 

 

 

Comparison of results: 

 

 

Deflection: 
lateral 

displacement 
(cm) 

Bending 
moment  
M (kN.m) 

Shear force  
T (kN) 

Lateral soil reaction  
p (kPa) 

 Min Max Min Max Min Max Min Max 

B = 1,0 m -0,1 2,7 -964 776 -448 467 -114 737 

B = 0,35 m -0,1 5,1 -33 75 -93 56 -165 945 

 

Note that the 0,35 m diameter pile is more flexible and therefore more closely follows the free 
soil displacement: the maximum pile displacement of 5.06 cm is very close to that of the free 
g(z) soil displacement. This is also represented by a low reaction mobilised in the clay layer. 

Also, the pile "takes" lower loads and the moments and shear forces are therefore much 
lower in the pile. 

 

Click  button then  button to go back to the data. 
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G.4.2.5. Step 2: Manual input of mobilisation law 

We will now take the previous example (variant with B = 0,35 m), but opting for manual input 
of the 3-plateau mobilisation law (rather than for an elastoplastic behaviour based on the 
results of the pressuremeter test). 

Let us start by displaying the formatted results of the previous step (calculation for flexible 
pile, where B = 0,35 m). 

 

 

 

This screen shows the values of the parameters defining the mobilisation law constituted by 
the calculation engine based on the pressuremeter data. This is a three-plateau law (see 
figure below) characterised by: 

 Soil reaction coefficient at 1st plateau ks1 (kPa/m) 

 Creep pressure (net) of soil P1 at 1st plateau (kPa) 

 Soil reaction coefficient at 2nd plateau ks2 (kPa/m) 

 Limit pressure (net) of soil P2 at 2nd plateau (kPa) 

In the formatted results, each of these values is given multiplied by the pile diameter B (0,35 
m in this case). 
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We will now reintroduce these parameters into Piecoef+ in mobilisation law manual input 
mode to illustrate this functionality. 

G.4.2.5.1. "Parameters" tab 

Return to data definition and to "Parameters" tab. 

Calculation type box:  

 drop-down list 1: conserve "Pile calculation under transverse loads" 

 drop-down list 2: select "by manual input (3 plateaux)" 

"Calculation parameters" box: 

 Modify the title of the calculation. 

 Leave the other parameters unchanged. 
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G.4.2.5.2. "Soil/Pile" tab  

The data to be input is that described previously: P1 (kPa), P2 (kPa),  
ks1 (kPa/m) and ks2 (kPa/m). 

The values to be input have been calculated from the formatted results given on screen copy 
(by dividing each of the terms presented by B):  

 

 ks1 (kPa/m) P1 (kPa) ks2 (kPa/m) P2 (kPa) 

Subgrade 158057 700 79028,5 1000 

Soft clay 12840 100 6420,0 200 

Dense sand 237086 2500 118543 3500 

 

 

 

Start the calculation by clicking  button. 
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G.4.2.5.3. Results 

 

 

 

To within one or 2 roundings-off (small differences due to the rounding off of ks1 and ks2 
values), the results are the same as those of the previous calculation as can be expected.  

 

This functionality can be used in the situation where the soil reaction mobilisation law is 
defined using data other than pressuremeter data.  

 

Moreover, let us point out that the law constituted by default by the calculation engine is valid 
for a slightly slender single pile of circular or rectangular envelope section. Considering a 
group effect or a slender rectangular section (rectangular pile) can affect the calculation of 
the various plateaux and require either a correction of the pressuremeter parameters to be 
input into the model or a direct manual definition (refer to User's manual). 
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G.4.3. Example 3: Calculation of a metallic shaft under multiple loads at head 

This example considers the case of a metallic shaft of hollow circular section (2 m in 
diameter and 5 cm thick) submitted to a transverse trapezoidal distributed load at its upper 
part and to different head load cases. 

This metallic shaft is 10 m deep and passes through 2 soil layers: alluvium at head then a 
substratum. 

We neglect the lateral reaction of the soil on the alluvium layer thickness (3 m at head). 

The example is done first without considering the shear force displacements then, in a 
second step, considering the shear force displacements. 

 

 

G.4.3.1. Data input 

 Choose to create a new project by selecting  radio-button. 

 Click  button. 

If Foxta is already open, click "File", "New project" menu. 

G.4.3.1.1. New project wizard 

"File" box 

 Complete file path by clicking  button. 

 Give a name to the file and save it. 

"Project" box 

 Give the project a title. 

 Enter a project number. 

 Add a comment if required. 

 Leave "Use the soil database" box unticked (we will not use the database for this 

example) and click  button. 
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G.4.3.1.2. New project wizard: Modules to use 

In "Modules to use" window, select Piecoef+ module then click  button. 

 

 

The Piecoef+ data input window is displayed. 

Complete the various data tabs on the right-hand zone of the screen. 
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G.4.3.2.  "Parameters" tab 

 

 

 

"Calculation type" box: select 

 drop-down list1: Pile calculation under transverse loads 

 drop-down list2: Based on pressuremeter data input (elasto-plastic) 

 drop-down list3: If short term loads applied at pile head are dominant (the load cases 
studied correspond here to variable loads and not to permanent loads)  
 

 

"Calculation parameters" box:  

 Calculation title: Exemple 3a 

 Reference elevation: 2,0 m 

 Inclination angle of the pile: 0° (vertical pile) 

 Pile family: no family 

 Load incrementation: here, we will conserve the default values. 

To go to the next tab, click either name of "Soil/Pile" tab or  button. 
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G.4.3.3.  "Soil/Pile" tab 

This tab is used to define soil layer characteristics and pile discretisation. 

 

 

 

"Soil layers definition" box: 

The data to be input is:  

 

Name Zbase (m) EM (kPa)  B (m) Pf* (kPa) Pl* (kPa) 

Alluvium -1,0 0,1 0,33 2,00 0,10 0,10 

Substratum -8,0 200000 0,25 2,00 4000 6000 

 

Note that the characteristics have been voluntarily reduced in the alluvium thickness (first 3 
metres from surface): this corresponds to the neglected lateral reaction assumption in this 
3 m thickness. 

Note: It is preferable to input very low values rather than null values. 
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"Pile discretisation" box:  

The data to be input is as follows: 

 Keep "Consideration of shear force" box unticked. 

 

Name h (m) EI (kN.m2) n 

Alluvium 3,0 3,06E7 20 

Substratum 7,0 3,06E7 60 

 

EI product is calculated here as follows for a 2 m hollow circular metallic section with a 
thickness of 5 cm:  

4 4
int

64 64

ext
acier

D D
EI E

  
  

  
= 3.06 x 107 kN.m² 

G.4.3.4. "External loads on pile" tab 

 

For our example, we will define a distributed load normal to the pile between elevations 2 
and -1, and several different load cases at pile head ("multiple loads at the pile head"). 

 

"Point loads normal to the pile" box: 

There is no data to be input in this box for this example. 

 

steel 
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"Multiple loads at the pile head" box:  

 Tick "Activate the multiple loading at pile head" box and add a line for each load case 

with  button. 

The data to be input is as follows:  

 

N° T (kN) M (kN.m) 

1 4000 5000 

2 6000 0,00 

3 8000 -15000 

4 0 -15000 

 

"Distributed loads normal to the pile" box: 

The data to be input is: 

 Top level of the load Z1 (m) (elevations proposed automatically at layer limits) 

 Base level of the load Z2 (m) (elevations proposed automatically at layer limits) 

 Load value at the head of the layer Load 1 (kPa) 

 Load value at the base of the layer Load2 (kPa) 

The data to be input is as follows:  

N° Z1 (m) Z2 (m) 
Load 1 
(kPa) 

Load 2 
(kPa) 

1 2,0 -1,0 0 1500 

2 -1,0 -8,0 0 0 

The defined distributed load corresponds to a trapezoidal load applied between elevations 2 
and -1. This load is represented on the project cross-section. 

G.4.3.5. "Free g(z) soil displacement" tab 

No data to be input in this tab. 

G.4.3.6. Calculation and Results 

G.4.3.6.1. Calculation 

Click  button. 

To see the results in table and graph form, click  button. 
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G.4.3.6.2. Results 

Main curves 
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PIECOEF+ – Foxta v3 user’s manual  

 

 

86/101 June 2015 issue - Copyright  Foxta v3 - 2011 

Comments on results: 

 For the 3 load cases, we find that the lateral reaction is null between a depth of 0 and 
3 m. 

 For each load case, we find the prescribed conditions (T, M) at pile head. 

 The first 3 load cases (T value not null) lead to same type of pile behaviour: maximum 
displacement at pile head, oriented towards the right (in direction of prescribed force 
T), maximum moment at the antinode, null moment and shear force at pile base, 
saturation of lateral reaction (plastification) of the soil over a thickness from 1.0 to 1.5 
m under the neglected lateral reaction area. 

 The last load case (high negative moment at pile head with T=0) gives a different 
behaviour: maximum lateral displacement at pile head but oriented towards the left 
(due to negative moment at pile head), maximum moment at pile head 
(corresponding to the prescribed value of 15000 kN.m), no soil plastification (the pile 
moves in the other direction and much less than for the first 3 load cases). 

G.4.3.7. Step 2: Considering shear force displacements  

Here, we take the same example, but this time considering the shear force displacements.  

The contribution of these displacements is generally negligible when the "length/diameter" 
ratio is higher than 10 or event 20 (thin beam assumption). For slightly slender piles such as 
shafts for example, this assumption is no longer valid and the general thick beam model may 
need to be adopted which requires the definition, in addition to the product of inertia, of the 
shear stiffness GS' taken as equal to the product of the shear modulus G and the reduced 
section S' (refer to User's manual).  

G.4.3.7.1. Data modification 

To modify data, click  button and return to "Soil/Pile" tab: 

"Pile discretisation" box: 

 Tick "Consideration of shear force" box.  
The GS' column (Shear stiffness - kN) is displayed. 

 Input value 1,237e7 kN in this column for the two layers. 

This value is obtained by the product of shear modulus G of the pile and its reduced 
section S' (for a hollow circular section, the reduced section S' is taken as equal to 
half of the total pile section, k = 0.5). 

6210.10

2(1 ) 2(1 0,3)

E
G


 

 
  = 80 770 MPa 

 2 2
int'

2 8
ext

S
S D D


     = 0,1531 m² 
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Save the project under a different name: "Example 03b" for example. 

Start the calculation by clicking  button. 
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Comparison of results: 

 

 
Deflection: lateral 
displacement (cm) 

Bending moment M 
(kN.m) 

Shear force T  
(kN) 

 Min Max Min Max Min Max 

Load No. 1  

Without shear force 
displacements 

-0,1 1,76 0,00 26015 -6885 8500 

Load No. 1 

With shear force 
displacements 

-0,1 2,12 0,00 26015 -6647 8500 

Load No. 2  

Without shear force 
displacements 

-0,1 2,13 0,00 29387 -8007 10500 

Load No. 2 

With shear force 
displacements 

-0,2 2,61 0,00 29387 -7768 10500 

Load No. 3  

Without shear force 
displacements 

-0,1 1,69 -15000 23265 -6544 12500 

Load No. 3 

With shear force 
displacements 

-0,1 2,20 -15000 23265 -6365 12500 

Load No. 4  

Without shear force 
displacements 

-0,3 0,1 -15000 121 108 4500 

Load No. 4 

With shear force 
displacements 

-0,3 0,0 -15000 0 0 4500 

 

Consideration of shear force displacements has only a small influence on the loads. 
However, the amplitude of the displacements is increased by around 25% which implies a 
reduction of apparent stiffness at pile head of 25%. 

Moreover, note that by considering the shear force displacements, the distortion and the first 
derivative of the deflection are no longer equal.  
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G.4.4. Example 4: Buckling and 2nd order: study of buckling of a micro-pile 

Here, we consider a micro-pile made in a 0.25 m diameter and 13 m long borehole assumed 
perfectly clamped at pile head. 

This example illustrates 2 aspects (dealt with in 2 steps): 

 A specific buckling calculation (evaluation of critical buckling load). 

 A quantification calculation of the second-order effects under the effect of a 
transverse load. 
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G.4.4.1. Step 1: Buckling calculation 

G.4.4.1.1. "Parameters" tab 

 

 

 

"Calculation type" box: select 

 drop-down list1: Specific buckling calculation 

 drop-down list2: By manual input 

"Calculation parameters" box:  

 Calculation title: Example 4a 

 Reference elevation: 0,0 m 

 Inclination angle of the pile: 0° (vertical pile) 

 Pile family: no family 

 Load incrementation: here, we will conserve the default values. 

 

To go to the next tab, click either the name of "Soil/Pile" tab or  button. 
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G.4.4.1.2.  "Soil/Pile" tab 

This tab is used to define the soil layers and the pile discretisation. 

 

"Soil layers definition" box:  

Create three soil layers by clicking  button to add each soil layer. The data to be input is as 

follows: 

Name Zbase (m) ks (kPa/m) B (m) 

Layer 1 -4,0 20000 0,25 

Layer 2 -10,0 2500 0,25 

Layer 3 -13,0 100000 0,25 

"Pile discretisation" box:  

The "Consideration of shear force" box is not accessible in this type of calculation. 

The data to be input is as follows: 

Name h (m) EI (kN.m
2
) n 

Layer 1 4,0 1500 30 

Layer 2 6,0 1500 30 

Layer 3 3,0 1500 30 
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G.4.4.1.3. "External loads on pile" tab 

 

 

"Point loads normal to the pile" box: 

Here we wish to define a clamping at pile head: we define therefore at pile head (elevation 0) 
very high values for K and C to prevent displacements and rotations (here, this is a support 
condition and not a load condition). 

The values to be input are as follows:  

 

N° Z (m) K (kN.m) 
C 

(kN.m/rad) 

0 0,00 1,0e10 1,0e10 

1 -4,00 0,00 0,00 

2 -10,00 0,00 0,00 

3 -13,00 0,00 0,00 

 

G.4.4.1.4. Free g(z) soil displacement tab 

This tab is not accessible here. 

G.4.4.1.5. Calculation and Results 

Click   button. 

To see the results in table and graph form, click  button. 
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Curves related to buckling 

The only curve available in the results for this calculation is the one below (the main curves 
are not available here). This window gives the potential buckling mechanism and the 
corresponding critical buckling load which here is equal to 2719 kN. 

 

 

 

Additional results are also accessible from the formatted results file which especially gives all 
of the buckling loads for each mechanism. The buckling phenomenon is liable to occur when 
the axial force is close to one of these buckling loads (generally, we make sure that the axial 
force remains lower, with sufficient safety, than the smallest buckling load called critical 
load). 
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G.4.4.2. Step 2: Quantification of 2nd order effects under the effect of a transverse 
load 

We will use the same soil cross-section and the same pile but we will this time focus on the 
quantification of the second order effects under the effect of a transverse load. 

We will therefore modify the data with respect to the first step of this example. 

 

G.4.4.2.1. "Parameters" tab 

 

 

 

"Calculation type" box:  

 Select: "Pile calculation under transverse loads" 

 "By manual input (2 plateaux)"
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G.4.4.2.2. "Soil/pile" tab 

 

 

"Soil layers definition" box: 

The "Plastification pressure of soil" column Pmax (kPa) has appeared (due to choice of 
manual input of a 2-plateau mobilisation law). 

The data to be completed is as follows:  

 

Name Zbase (m) ks (kPa/m) Pmax (kPa) B (m) 

Layer 1 -4,0 20000 400 0,25 

Layer 2 -10,0 2500 100 0,25 

Layer 3 -13,0 100000 3000 0,25 

 

G.4.4.2.3. "External loads on pile" tab 

The data of this tab remains unchanged with respect to the previous example (clamping at 
pile head defined in the form of high values for K and C). 
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G.4.4.2.4. "Free g(z) soil displacement" tab 

 

 

The tab is again accessible ("Pile calculation under transverse loads" mode) and we will 
activate this option to impose on the pile a load in the form of an imposed soil displacement. 

"Define a g(z) displacement" box: 

 Tick the "Define a g(z) displacement" box. 

 

 To obtain the values of curve II in 2nd layer (here, g(z) is defined between elevations 

-4 and -10 m), click "Wizard"   button. 
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The values to be input are as follows:  

Z1 (m) Z2 (m) Curve A1 A2 A3 A4 Gmax (m) 

-4,0 -10,0 II 0,50 1,50 0,00 -2,00 0,05 

Save the project under a different name: "Example 04b" for example. 

G.4.4.2.5. Calculation and results 

Start the calculation by clicking   button then display the results. 

The results obtained call for following comments: 

 Main results: these illustrate the strains and loads generated under the effect of the 
lateral earth pressures. The loads obtained (bending moment) are around 18 kN.m. 

 Buckling and 2nd order effects 

 We can see that the critical load is unchanged with respect to the calculation of 
the first step. This implicitly indicates absence of any soil plastification; 

 The first graph compares the critical buckling mechanism with the initial 
displacement of the pile obtained under the imposed transverse load. If the pile 
must take high axial loads, the case of an initial displacement "imitating" the 
potential buckling mechanism must be avoided as this is a situation which 
favours the development of 2nd order effects; 

 The 2nd and 3rd graphs give the amplification of the displacements and loads 
under the (2nd order) effect of an axial load from 0 to 80% of the critical buckling 
load. Especially, for an axial load equal to 80% of the critical load, the maximum 
bending moment is around 70 kN.m, that is around 4 times its initial value. This 
observation is representative of situations where 2nd order effects affect the 
design of the pile and can lead to failure by composed bending of the material 
constituting the pile for axial load levels well below the critical buckling load. 
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Curves related to buckling:  

 

 

 


